One of the most important tools in genetic improvement is mutagenesis, which is a useful 1 3 tool to induce genetic and phenotypic variation for trait improvement and discovery of novel 1 4 genes. JTN-5203 (MG V) mutant population was generated using an induced ethyl methane 1 5 sulfonate (EMS) mutagenesis and was used for detection of induced mutations in FAD2-1A and 1 6 FAD2-1B genes using reverse genetics approach. Optimum concentration of EMS was used to 1 7 treat 15,000 bulk JTN-5203 seeds producing 1,820 M2 population. DNA was extracted, 1 8 normalized, and pooled from these individuals. Specific primers were designed from FAD2-1A 1 9
INTRODUCTION
The development and generation of JTN-5203 mutant population as well as the DNA 1 0 0 extraction and normalization are described earlier 28 . The DNA of 6,400 individual M2 mutants 1 0 1 were used to perform 2-rounds of pooling to generate a TILLING population. From the 67 boxes to generate one box that constitute the second-round final pooled DNA and was used as working 1 0 5 DNA template for high-throughput sequencing. Gene-specific primers amplifying the Fatty Acid Desaturase 2 (FAD2-1A and FAD2-1B) 1 0 9 genes were designed using PCR Tiler v1.42 with a built-in specificity check for Glycine max 29 . Illumina sequencing. These primers were designed to cover the whole gene plus 400 upstream 1 1 2 and downstream of each gene. Illumina adapters were attached to the 5' end of each primer in 1 1 3 order to prepare the amplicon primers for Illumina sequencing. The designed primers were 1 1 4 ordered and synthesized by Thermo Fisher Scientific. The workflow of MiSeq dual indexing library preparation involved the following 1 1 8 steps: Inner PCR, Outer PCR, and PCR with the tailed primers was performed using a high-fidelity enzyme mix to amplify the 1 2 0 region of interest from the genomic DNA. These comprised of eight individual PCRs for FAD2- single cycle of 2 mins at 72°C for extension was provided at the end of amplification reactions. The amplified products were verified by electrophoresis (Bio-Rad, Hercules, CA) using 1.5% under the following conditions: initial denaturation of 2 mins at 98°C, followed by 9 cycles of gel electrophoresis (Bio-Rad, Hercules, CA) using 2% agarose with 1 kb ladder at 80V for 45 1 5 0 minutes. University for high-throughput sequencing using Illumina Miseq (v2, PE 300 cycle) with the 1 5 5 paired-end multiplexed library. Trimmomatic (Version 0.36) 30 was used for trimming the 1 5 6 sequencing adapters and low quality reads from the raw data, and HISAT2 31 was used to align 1 5 7 the reads to the reference genes (Glyma.10G278000 for FAD2-1A and Glyma20g24530 for 1 5 8 FAD2-1B). Samtools mpileup 32 and VarScan2 33 were used to call the variants at a single base 1 5 9 pair resolution. No.
Primer Sequence No.
Primer Sequence pooling were carried out to generate one box that constitute the final pooled DNA and was used 1 8 0 as template for detection of the induced mutations through TbyS approach. for Illumina sequencing. IGV was used to view the gene structure and the type and distribution 1 9 0 of the SNPs that were detected using TbyS for FAD2-1A (Figure 1 ) and FAD2-1B ( Figure 2 ). 1 9 1 (70%), synonymous variant (21%), stop gained (8%), and start lost (1%). Regarding the impact, 2 0 0 8.61% of the mutations had high impact (e.g., stop gained and start lost), 21.19 % had low 2 0 1 impact (e.g., synonymous variant), and majority of the mutations (70.20%) had a moderate 2 0 2 impact (e.g., missense mutation) on the gene function. Of the 13 high-impact mutations, two 2 0 3 mutations resulted to a stop gained. These mutants carried GC to AT transition that are in 2 0 4 agreement with the expected base changes for an EMS-induced mutation. To further look at the 2 0 5 induced point mutations that were detected in the mutants, the spectrum of mutations that were 2 0 6 sequenced at the FAD2-1A gene is presented in Table 4 . The pipeline predicted 151 mutations and down-stream region). The mutation density was estimated as the total number of mutations was about ~1/136kb. Earlier reports has indicated a mutation frequency of 1/140-550 using 2 1 1 40mM EMS concentration in soybean populations 16 . It has been reported that EMS mutagenesis 2 1 2 induces G/C to A/T transitions most of the time 16 . However, only 20% of the observed 2 1 3 mutations in this study were G/C to A/T transitions. Hence, most conservative estimation of 2 1 4 mutation frequency will only consider such transitions and the mutation density will be ~1/700kb 2 1 5 in this population. For FAD2-1B gene, the effects of the mutations for both the whole gene and coding (9%), synonymous variant (5%), downstream gene variant (5%), and stop gained (2%). The 2 2 0 results could mean that several random mutations were widely spread across the genome. A total 2 2 1 of 112 mutations were detected in the FAD2-1B coding region, and most of these mutations 2 2 2 resulted in a missense variant (75%), synonymous variant (19%), and stop gained (6%). In terms 2 2 3 of their impact, 6.25% of the mutation had a high impact (e.g., stop gained), 18.75% had low 2 2 4 impact (e.g., synonymous variant), and majority (75%) had moderate impact (e.g., missense 2 2 5 mutation) on the gene function. Interestingly, all of the mutations with high and low impact on 2 2 6 the FAD2-1B gene function carried a GC to AT transition that are in agreement to the expected 2 2 7 mutation for an EMS-induced mutant. Further, the spectrum of induced point mutations for FAD2-1B gene is also presented in Table 4 . The result shows that 69% of the identified 2 2 9 mutations conformed to the predicted GC to AT transitions of the EMS-induced mutations. However, transversion mutations (TA to AT, CA to AC, and GT to GT) were also detected in the results imply that the use of high throughput mutation discovery through TILLING-by-2 3 6
RESULTS AND DISCUSSION
Sequencing approach has been successfully applied to the new EMS-induced soybean mutant 2 3 7 population. However, transversions were also detected for both FAD2-1A and FAD2-1B genes, 2 3 8 and could be false positives. However, similar findings were also observed in other studies for 2 3 9 soybean 16 , rice 11 , tomato 34 , barley 35 , and squash 36 . These transversion mutations maybe 2 4 0 caused by unknown mechanisms, but are still produced by EMS 36 . In addition, these could also 2 4 1 be random point mutations and other low level chromosomal breaks and lesions 37 . The 2 4 2 transversion mutations that were detected could also be mutation biases and effect of genotype The mutations that were detected are useful as basis for identification of specific pools 2 4 5 that contain mutants that have a novel genotypic variation and could ultimately be used for 2 4 6 screening for high oleic phenotype and also for other plant breeding purposes. Biol. 10, 1-13 (2010). Mutants of the Legume Lotus japonicus. Plant Physiol. 131, 866-871 (2003) . 
